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Design and Implement of In-situ Capacitive Sensor for Monitoring
Debris in the Lubricant Oil
HAN Zhibin WANG Yishou SUN Hu QING Xinlin
(School of Aerospace Engineering，Xiamen University，Xiamen Fujian 361005，China)
Abstract:A cylindrical capacitive sensor was developed，which has the advantages of high resolution，small size and
designability，and can be easily installed on lubricant pipeline to monitor the debris in lubricant of aircraft engine．A theo-
retical model of the cylindrical capacitive sensor was set up to analyze several parameters’effectiveness on the performance
of sensor，including the cross sectional area of the sensor，the distance between two poles and the permittivity．It is shown
that the capacitance value of the sensor is increased with the increase of the debris number，as well with the increase of
debris size;there are approximately linear relations for above two cases．Numerical simulations were conducted to determine
the optimal parameters for preliminary experiments．Experiments were carried out to demonstrate the feasibility of the devel-
oped capacitive sensors．








































Fig 1 Schematic diagram of the presented capacitive sensor model (a)coaxial capacitive sensor model; (b)integration scheme of coaxial




距离为 d，且 Q与细棒两端的连线和细棒分别成角 α1
和 α2，取 Q点到细棒的垂足 O点为原点建立直角坐标
系 Oxy，设电荷线密度为 ηe，简化模型如图 2所示。
图 2 电容传感器简化数学模型
Fig 2 Simplified model of capacitive sensor (a)3D diagram; (b)2D illustration diagram
内芯细棒可看成无限多线元 dx 组成，在细棒上













不同位置的线元所带电荷 dq 在点 Q 所产生的元
场强 dE方向各异，对矢量 dE 沿 x，y 轴方向分解后
再积分，可计算 Ex 和 Ey，内芯的 d和 l长度会影响
场强分布，由于滑油管路为小口径细管，故采用 dl


























































间上任意一点的场强 E 为外电场 E0 和极化电荷的附
加电场 E' 的矢量:

















内芯为 1 mm，长度为常数 40 mm，两电极间所施加
电压大小为 2 V，仿真时采用智能网格控制，用 smart
size调节网格精度，划分网格后，共有节点 237 222，
单元 166 057，极间距仿真结果如图 3所示。
图 3 两极间距离为 2、3、4 mm时传感器内电场分布图












Fig 4 Comparison of theoretical function and simulation
fitting curve
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2. 2 滑油中含碎屑的电场分析
以 2. 1节分析结果为基础，确定传感器参数为:
内芯 1 mm，两电极间距离为 3 mm，长度为 40 mm，
两极所施加电压大小为 2 V。对碎屑进入传感器导致
的电场变化情况进行仿真，结果如图 5 所示。图




Fig 5 The electric field distribution of the sensor with different













铜，长度为 40 mm，内芯半径为 1 mm，两电极间距
离为 3 mm，制造加工的同轴电容传感器实物如图 7
(a)、(b)所示。为了便于同管路集成，设计了连接






Fig 7 Main components of capacitive sensor (a)inner core; (b)outer core; (c)flange; (d)A－A section drawing






Fig 8 Experimental setup (a)experimental device; (b)falling process diagram of debris
3. 2 电压频率确定



















0. 16 s) ，LCＲ测量仪反应速度不够。因此，仅针对介
质为水与滑油时进行实验，实验结果如图 10所示。
图 10 不同介质时电容值大小随碎屑数量的变化曲线
Fig 10 Variation of capacitance with the number of debris in different medium (a)water; (b)oil
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